I. INTRODUCTION
The radiative transition between two single vibronic levels (SVL) of the electronic ground and first excited state of formaldehyde is described 1 by the total dipole transition moment D:
where D(Qk) is the electronic dipole transition moment, which induces the transition; XOQ(Qk) is the qth vibrational wave function of normal mode k in the ground state, and XIP(Qk) is the pth vibrational wave function of normal mode k in the first excited state. The subscript Q k denotes integration over normal coordinate Qk' and the product runs over the normal coordinates. In a recent paper, 1 hereafter to be denoted as Paper I, we published all the integrals occurring in Eq. (1) and calculated from them the "cold" (mr*) absorption spectrum, i. e., the absorption spectrum resulting from the vibrationless ground state level. The potential energy surfaces, which determine the vibrational wave functions, were obtained from an ab initio CI calculation; the anharmonic vibrational wave functions themselves were numerically determined on these potential energy surfaces. The most important quantities in Eq. (1), the electronic dipole transition moments D(Qk)' were explicitly calculated as functions of the nuclear geometry. Throughout the calculation we used the dipole length expression for D(Qk)t:
where CPo and CPl are the electronic ground and first excited state, respectively; q, stands for the Cartesian coordinates of electron i.
In Paper I, we showed that for the description of radiative transitions, the dipole length expression is superior to the dipole acceleration form of the electronic transition moment. Every nuclear geometry used in the calculation gives a D(Qk) value; cubic spline funcalpresent address: Philips Research Laboratories, Eindhoven, The Netherlands.
tions are fitted to these values and the result is substituted in Eq. (1).
From the integrals obtained in this way, it is also possible to calculate the fluorescence emission spectrum r~sulting from a SVL in H 2 C0(1A 2 ); a calculation completely analogous to the one given in Paper I for the cold absorption spectrum.
The intensities of the various transitions are proportional to the oscillator strengths,
f=iAEIDI2,
where D is the total dipole transition moment from Eq.
(1) and AE is the energy corresponding to the transition. Very recently,2 Shibuya, Harger, and Lee published for the first time the intensity distribution of the fluorescence emission spectra of two SVL of H 2 CO(IA 2 ): 4° and 4 1 • In this paper, we give the results of the calculation of the theoretical spectra in order to investigate, to what extent the integrals given in Paper I can be used for predicting fluorescence spectra from other SVL and for interpreting experimental results.
It is also possible 3 to calculate from the obtained D values the total radiative lifetime Tr of a SVL: (2) where c is the velocity of light (= 137 a. u.), and the summation is over all possible transitions from the SVL in question. Although this Tr value, being the combined result of a large number of transitions, is a much less rllfined quantity to characterize the radiative properties of a SVL than its fluorescence emission spectrum, it is worth calculating Tr because for most SVL of formaldehyde Tr values are known experimentally4 contrary to the fluorescence spectra.
II. RESULTS AND DISCUSSION

A. Fluorescence emission spectra
In Table I , we give the calculated oscillator strengths of the most intensive bands 5 occurring in the 4 1 and 4° fluorescence emission spectra for wavelengths smaller than about 460 nm, being the region for which the ex- ported transitions should, according to the calculation, be measurable.
The low intensity bands, given in Table I , give rise to a low "background" emission spectrum with, owing to the increasing number of bands, an intensity slowly increasing with the wavelength. As will be seen in Sec. II. B, these small bands represent a nonnegligible part of the total emission intensity. For the 2~4~ and 2~4i transitions, both lying in the region where the experimental determinations become more difficult because of spectral congestion, there is a relatively large difference between experiment and calculation. We note, that the experimental intensity behavior is peculiar for these bands: theoretically, the ratio R =.zj(2gx~)/ d(2~X~) is 1. 22 for all X~. For X~ = ~ the experimental value 2 follows the theoretical prediction: R = 1. 31 ± 0.62. For X~ = 4~, however, the experimental intensitieg<! result in R = O. 63 ± O. 10, which is far out of the expected range. Also, the 2Y4~ transition is experimentally lower than expected.
In Fig. 2 , we compare the experimental 2 and calculated 4° fluorescence emission spectra. Most of the remarks made for the 4 1 spectrum apply here too: Table I shows that the overlap of 2~4~ by 2~_15~ or 2~6~ is negligible; the transitions, indicated in Fig. 2 by broken lines, should be detectable and the experimental intensity ratios 2~4V2~4~ and 2~4g/4~ are lower, than is expected on theoretical grounds. The large number of low intensity bands gives rise again to a low background emission spectrum.
B. Absolute radiation lifetimes
In Table II , we give the absolute radiative lifetimes, calculated by means of Eq. (2), together with the experimental' values. The results are compared in a graphical way in Fig. 3 . The agreement between experiment and calculation is quite satisfactory. A more detailed analysis shows that some remarks have to be made. Shibuya et al. 2 measured 7,(4°) relative to 7,(4 1 ), using the experimeQtal intensity distributions shown in Figs. 1 and 2 . They justified their procedure by making two assumptions: first, that all the observed emission bands are progressions of 2~ built on All, = odd; and second, that the fraction of the band intensities at wavelengths longer than 460 nm is eit~er negligible or the same for ~e 4° and 4 1 levels. We will show that these assumptions are questionable.
The calculated absolute radiative lifetimes from Table II with a relatively low oscillator strength (see Table I ), and also transitions lying outside the experimental energy region (e. g., 2~ progressions built on 4l, 4~, 4g, 4~, etc. Table IT , that the used experimental bands are just responsible for no more than 33% (respectively, 28%) of the total emission intensity of the 4 1 (respectively, 4D) level. If we include all contributing transitions in the experimental spectral region, i. e., the ones given in Table I , we obtain The conclusion from this calculation is that the dependence of the result of a measurement of the emission intensity relative to a reference emission intensity, upon both the sensitivity of the apparatus and the spectral region which is viewed, can be quite large. The sensitivity determines to what extent the large number of low intensity bands are taken into account, while the spectral region has to be quite large to be sure that all the emissions are detected. In experiments where the measurement takes place relative to another compound instead of another vibronic level of the same molecule, these difficulties might cause even larger discrepancies than demonstrated above for the formaldehyde 4 1 and 4° levels. This is because the emission spectrum of the standard compound will, in general, differ more from the emission spectra of the investigated molecule than the mutual differences in the emission spectra of SVL in the same molecule. In their determination of the TT values of formaldehyde, Miller and Lee 4 mention that "In some cases longer wavelength cutoff filters were used for viewing the emission." They conclude from the results (identical fluorescence excitation spectra) that an equal fraction of the emission is detected for each SVL of formaldehyde. A more quantitative and systematic study concerning this problem, including the fraction of emission of the reference compound (acetone), would be very interesting.
